In this work, we find that generally the measurement disturbance relation (MDR) may be transformed into a constraint inequality of the multipartite correlations functions. In this scheme, the various forms of MDR give different bounds for the strength of particle correlations, which suggests that the MDR may stand as a underlying physical principle determining the multipartite non-locality. Hence, the validity of the different MDRs can be verified by measuring the correlation functions.
Heisenberg's uncertainty principle on the other hand plays a fundamental role in quantum measurement and solely concerning the MDR does it reflect the measurement precision and the disturbance of the quantum system. The well-known Heisenberg-Robertson uncertainty relation [11] ∆A∆B ≥ | C | , C = 1 2i
with the standard deviation ∆X = ψ|X 2 |ψ − ψ|X|ψ 2 for X = A, or B, however involves only the properties of two observables within an ensemble of a quantum state and is independent with specific measurement processes. At present, the MDR is an intensively studied subject both theoretically [12] [13] [14] [15] [16] and experimentally [17] [18] [19] [20] . There are not only a divergent forms of MDR survived the experiments [19, 20] , but also the doubts on their practical importance in quantum information science [21, 22] . As the uncertainty principle is the basis of QM, slight alteration of the MDR may result in grave consequences in QM, especially in quantum measurement [23] . A fundamental question then arises: What practical role would the MDR play in quantum physics?
Here we present a general scheme where the MDR, as a fundamental measurement principle, may be transformed into constraint inequality on multipartite correlation func- Quantum measurement process may be generally implemented by coupling a meter system |φ with the original system |ψ . The measurement result M is obtained from the readouts of the meter system. As the physical observables are represented by Hermite operators in QM, following the definition in [12] the measurement precision of physical quantity A and the corresponding disturbance of quantity B are defined as expectation values of the mean squares
Here A = U † (I 1 ⊗ M 2 )U, B = U † (B 1 ⊗ I 2 )U, the subscript 1, 2 signify that the operators are acting on the states |ψ and |φ correspondingly, U is a unitary interaction between |ψ and |φ , I is the identity operator. The measurement operator M may be set to A if it has the same possible outcomes as operator A, i.e., A = U † (I 1 ⊗ A 2 )U [15, 16] .
The MDR is a fundamental physical relation between the measurement precision ǫ(A) and the back action (disturbance) η(B). With the definitions of Eqs. (2) and (3), there exist the following representatives of MDR
Here The essential difference of the MDRs lies in the forbidden areas for ǫ(A) and η(B) which are characterized by the radii of the internally tangent circles, r He , r Oz , and r B1 with the subscripts stand for the corresponding MDRs.
Branciard [15] where a refined version for a specific qubit system was also given
Experiments show a violation of Heisenberg-type MDR while other MDRs of Eqs. (5)- (9) survived [19, 20] . Finding more MDRs with stricter constraint on ǫ(A) and η(B) is currently a hot topic in physics [24] .
Although it is known that that above various MDRs differ in tightness, we should assume that all the MDRs are exact and tight in order to examine the distinct physical consequences which the tightness of the MDR would lead to. We study these different forms of MDR by putting them into the coordinate system and considering the corre- 
Here the subscript q specifies the different MDRs, and the measurement related quantities ǫ(A) and η(B) of a quantum state therefore are separated from the measurement independent ensemble properties of ∆A, ∆B, C . 
Here 
The theorem indicates that the MDR directly imposes upper bound on the correlations that could be shared among tripartite state, and if the MDR is considered to be tight then the upper bound is also tight and become the supremum. Theorem 1 may be generalized to multipartite states when sequential measurements are explored. The proof is given in Appendix C. Although it applies for arbitrary dimensional systems, we take the example of three-qubit system to illustrate the practical physical consequences of Theorem 1.
In qubit system, the operators may be
tripartite state |ψ 123 = U 13 |ψ 12 |φ 3 is obtained by interacting one particle of |ψ 12 with a third particle |φ 3 . According to Theorem 1, the variant MDRs imply the following relation on the obtained tripartite entangled state
Here E(Z 2 , Z 3 ), E(X 1 , X 2 ) are the bipartite correlation functions between particles 2, 3, and 1, 2 in state |ψ 123 , and c He = 1,
These constraints on correlation function in turn lead to the following monogamy of quantum relations
where
CHSH are Bell operators of the CHSH inequalities [25] relating partites i and j; (4)- (9) respectively. The QM prediction (black line) contradicts the constraint of Heisenberg-type MDR.
attainable values for E(Z 2 , Z 3 ) + E(X 1 , X 2 ) predicted by the various MDRs are clearly illustrated in Fig. 2 (a). For example, while the supremum of
Heisenberg-type MDR in the given configuration is 0.5, the MDR of Eq. (8) state that the maximum attainable value must be 1.5 for some values of θ 3 . As the maximum value
is √ 2 for quantum mechanics, we conclude that the tightness of this MDR predicts a supra-quantum correlations in multipartite state. In Fig. 2 (b),
we present the comparison of the values of b q with the predictions from other theoretical models [26] . And the results indicate that the b B2 in Eq. (13) gives the correct supremum for B
CHSH + B
CHSH which agrees with the result of [26] . Besides the fundamental physical implications of the MDR on multipartite correlations, the unique constraint on bipartite correlation function in tripartite state imposed by each MDR makes the experimental test of the MDRs applicable in a variant of physical systems, e.g. atoms, ions, even higher energy particles, by measuring the correlation functions [16] . The optical experimental setups for the two-dimensional (qubit) and 2) is generated by spontaneous parametric down-conversion (SPDC). A third photon, the meter system, interacts with photon 1 via a CNOT operation. In graph (b), a pair (photon 1, 2) of photons with four-dimensional spatial mode entanglement is obtained by using SPDC and a Controlled-path-1 gate. The interaction (the unitary U 13 ) between photon 1 and the meter system, photon 3, may be arbitrary, but here a cycle operation constructed by a Controlled-path-2 gate is selected.
four-dimensional systems are depicted in Fig. 3 . In Fig. 3 (a) , a pair of polarization entangled photons,
, is generated by spontaneous parametric down-conversion (SPDC). The meter system of the photon state may be tuned into the state |φ 3 = cos θ 3 |H + sin θ 3 |V , by polarizing beam splitters (PBS) and variable attenuators (VA). Then it interacts with photon 1 via a CNOT operation resulting in the
The quantum correlation functions in Eq. (12) are then evaluated under |ψ 123 and depicted in Fig. 2 (a) . In graph (b), a pair (photon 1, 2) of photons with four-dimensional spatial mode entanglement is obtained by using SPDC and a Controlled-path-1 gate,
i=1 |ii where i denotes the spatial mode (see Appendix D). The meter system, photon 3, is tuned into |φ 3 = 
Ozawa's MDR of Eq. (5) becomes
This is a displaced hyperbola of the Heisenberg-type, see Fig. A1 (b) . The AR for ǫ(A) and η(B) can be solved from this hyperbola and we can get
where again the distance between the vertex of the hyperbola in quadrant I and the origin of coordinate is r Oz = √ f Oz . In the form of Eq. (A3), the quantities related to measurement precision and disturbances are separated from those quantities of ensemble properties. The function f Oz (∆A, ∆B, C ) depends on the quantum states which subject to the uncertainty relation ∆A∆B ≥ | C |. When ∆A = ∆B = | C |, i.e., the ideal minimum uncertainty states for A, B, r Oz gets its maximum of R Oz = (2 − √ 2) | C |. 
Different from Heisenberg-type and Ozawa's MDRs, Eq. (A4) is an elliptic curve of ǫ(A)
and η(B) as illustrated in Fig. A1 (c) . Similarly we also get
Here f B1 is just the minor axis of the ellipse. When ∆A = ∆B = | C |, Eq. (A4)
becomes a circle and r B1 reach the maximum of R B1 = | C |. The corresponding maximum attainable value of the radius for the MDR of Eq. (9) is
Along the same line, the maximum radius of Eq. (6) 
From the above analysis we see that, under the same kind of quantum states with pre- 
B. The non-factorable state
Here we show that for two Hermite operators A and B with [A, B] = 2iC, there always exists the non-factorable state |ψ 12 that
where the subscripts indicates the corresponding particles they are acting and A ′ = UAU † , B ′ = V BV † are unitary transformations of A, B ( therefore having the same eigenvalues with A, B correspondingly).
The Hermite operators A and B may be expressed in the spectrum decomposition
There is the unitary transformation matrix W between the two orthogonal basis, |β i = N µ=1 |α µ w µi , where w µi are the matrix elements W . We have the following proposition Proposition A1 If the unitary transformation matrices U, V are chosen that U = (A8). We need to prove that the second equality of Eq. (A8) is also satisfied. The state |ψ 12 may be expressed in the basis of |β i and |β
where |β i , |β 
or more succinctly |β
where v ji and u † νk are the matrix elements of V and U † . Therefore, |ψ 12 may also be written as
Here λ
where we have used U = W V W T . That is
and therefore
Q.E.D.
Proposition A1 indicates that the state |ψ 12 = Generally, the non-factorable state |ψ 12 satisfying Eq. (A6) may be arbitrary, i.e.,
The requirement is that the unitary transformations in
C. Proof of Theorem 1
A set of quantum states |ψ
may be prepared by projecting the particle 2 in the bipartite entangled state |ψ 12 proposed in Appendix B with a set of complete and orthogonal basis |p i
Taking |ψ
into the definition of measurement precision and disturbance (i.e. Eqs. (2) and (3)), we have
Here |φ 3 describes the meter system. And further, we may write
where P (i) 2 = |p i 2 p i | is a projecting operator acting on particle 2. Using the complete
which give (note the interaction U 13 commutes with the operators of particle 2)
Here |ψ 123 = U 13 |ψ 12 |φ 3 .
For each quantum state |ψ
1 , every MDR has its own form of
where the superscript of f 
Taking Eq. (A26) into Eq. (A27), Fig . A2 . A schematic illustration of the measurement process of theorem 1. A bipartite state |ψ 12 of particles 1, 2 is prepared and then measurement process is carried out via an interaction with a third particle 3 via U 13 . After the interaction, the bipartite correlations are measured for the resulted tripartite state |ψ 123 = U 13 |ψ 12 |φ 3 at detectors D1, D2, D3.
Here F q (|ψ
It is interesting to observe that the left hand side of the inequality (A28) does not depend on the choice of projection bases |p i , while the right hand side does. A maximum value of F q optimized over the bases |p i corresponds to the infimum of the inequality (A28). And it follows that the correlation E(A 2 , A
The theorem applies to arbitrary tripartite system, because the bipartite state |ψ 12 is generally arbitrary (see Eq. (A16)). The general procedure from the theorem may be summarized as: (1) prepare the bipartite entangled state |ψ 12 , (2) interact one particle of the entangled state with a third particle |φ 3 via U 13 , and (3) measure the bipartite correlations of the resulted tripartite state. The illustration of the measurement process of theorem 1 has been depicted in Fig. A2 .
A generalization of theorem 1 to incorporate the multipartite states is illustrated in Fig. A3 . A generalization of theorem 1 to multipartite system. In graph (a), a sequential measurement is implemented via interaction U 14 with a forth particle. In graph (b), further sequential measurements may be applied similarly. Fig. A3 . In Fig. A3 (a) , the resulted multipartite state would be
Other generalizations of theorem 1 to multipartite system are also possible as the measurement processes might be implemented in various scenarios.
Here we give a detailed example for three-qubit system. In qubit system, the two incompatible operators may be set to A = Z = σ z and B = X = σ x , and we may choose
The non-factorable state can be constructed as
where σ z |± = ±|± . It is easy to verify
Then let particle 1 interact with particle 3, where the interaction may be arbitrary, e.g.
scattering processes. Here we adopt interaction to be the CNOT gate between particle 1 and 3,
Here particle 1 is the control qubit and particle 3 is the target qubit. According to theorem 1 we have
where we use Z 2 = X 2 = 1, and the real parameter
We may choose any set of complete and orthogonal basis |p i to test the MDRs. Generally, we would need an optimization over the choices of the basis to obtain the maximum value of γ q . In the present case of qubit system, on choosing |p 1 = (|+ + i|− )/ √ 2 and 
Using the analysis in Appendix A, Eq. (A26) reaches the maximum for both of the resulted quantum states |ψ
1 , i = 1, 2, because under these two states we have σ z,x = 0, ∆σ z = ∆σ x = C . To be specific,
1 |C|ψ
2 , and
Taking the values of γ q into Eq. (A33), we have
while the QM prediction is
The constraints on the correlation functions from the MDRs and the QM predictions are demonstrated in Fig. 2 (a) . The maximum value of QM prediction on E(Z 2 , Z 3 ) + E(X 1 , X 2 ) for the quantum state |ψ 123 is √ 2 which may be observed from Eq. (A38).
Here we prove that √ 2 has already been the maximum value of E(Z 2 , Z 3 ) + E(X 1 , X 2 )
for arbitrary three-qubit state in QM. An arbitrary three-qubit state may be expressed Here a i ∈ C and the normalization requires
for this arbitrary state takes the following form
We may set | r 1 | = cos θ, | r 2 | = sin θ, and according to Cauchy-Schwarz inequality | r *
Here | r * 1 · r 2 | cos φ are the real part of the complex number r * 1 · r 2 . As showed in Fig. 2 , the inequality of Eq. The different constraints on the correlation functions become intriguing when we transform them into the form of Bell inequalities. Eq. (A33) gives the measurement precision of Z and the disturbance on X for the qubit system
Similarly, for the measurement precision of X and the disturbance on Z, we would have
Adding Eq. (A40) and Eq. (A41), we have
Based on the method introduced in our previous work Ref [16] 
This is just the sum of two CHSH inequalities for the particles 1, 2 and particles 2, 3 
The results from the MDRs and the QM prediction are demonstrated in Fig. 2 (b) . Here we see that Branciard's Eq. (9) would give the same supremum as that of Eq. (A47) on the sum of two Bell operators.
In all, we may conclude that the Theorem 1 builds a direct relation between the MDR and bipartite correlation functions, and the results show that the MDR determines the strength of the bipartite correlations shared among the particles.
D. Structure of the three quantum gates
The CNOT gate, C-path-1 gate and C-path-2 gate are all constructed by double crossphase modulation (XPM) and homodyne detection (see Fig. A4 ), which are realizable and effective utilizing current experimental technology. Our method may be simply expanded for higher dimensional systems. For example, we may choose the observable operators to
